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Introduction
Perforation of the appendix poses a major risk in children with
appendicitis. Reported perforation rates are between 16% and
57% in children.1 Mortality and morbidity rates for perforated
appendicitis have dropped dramatically over the past century
to nearly 0% and 10%, respectively.1 The length of hospital stay
and morbidity in patients with perforated appendicitis still far
exceed those for acute appendicitis. In most cases, the diag-
nosis of appendicitis is established by history and physical
examination. Despite the widespread use of various advanced
diagnostic tools, the diagnosis of appendicitis and distin-
guishing perforated from acute simple appendicitis are not
always easy. Early diagnosis of perforated appendicitis is im-
portant for reducing morbidity rates. If the physician antici-
pates a perforated appendicitis in a patient, initiating appro-
priate antibiotics preoperatively is mandatory for reducing
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complications due to perforation.
D-lactic acid, a bacterial fermentation product of unab-
sorbed carbohydrates, has been found in significantly higher
amounts in the plasma or urine of infants and children with
acute mesenteric ischaemia, short bowel syndrome and necro-
tizing enterocolitis.2–5 It has been reported that serum D-lactic
acid measurement could be used as a marker in the diagnosis
of bacterial infections.6 A recent paper directly addresses the
association between D-lactic acid and appendicitis.7
The purpose of this study was to determine the value and
utility of plasma D-lactic acid levels in differentiating perfo-
rated from acute non-perforated appendicitis in children.
Patients and methods
Forty-four consecutive patients were included in the study.
Their mean age was 12.1 ± 1.5 years (range, 3–15 years). Diag-
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nosis of appendicitis was confirmed by laparotomy. The con-
trol group included 23 patients who had undergone abdomi-
nal elective surgery (mean age, 12.3 ± 1.3 years; range, 4–16
years). Venous blood samples (2 mL) were obtained from both
controls and patients preoperatively, and D-lactic acid levels
and white blood cell (WBC) counts were measured. D-lactic
acid levels were determined using an enzymatic technique
based on the spectrophotometric measurement of the reduced
form of nicotinamide adenine dinucleotide (NADH).8 It uses
a specific D-lactic dehydrogenase (EC1.1.1.28 D-lactate dehy-
drogenase from Lactobacillus leichmanni, Sigma L3888, St. Louis,
MO, USA) to catalyse the formation of pyruvate coupled with
the reduction of NAD+ to NADH at alkaline pH with hydrazine.
In preparing the standard curve, three replicates of each
D-lactic acid concentration from 0.12 to 1.88 mg/100 mL
were analysed. The concentrations of plasma D-lactic acid
were determined from the linear regression standard curve.
Statistical analysis
The mean D-lactic acid levels for each of the three groups were
compared using analysis of variance (one-way ANOVA). A
least-significance difference test was used to determine statis-
tical significance between groups. A correlation test was used
between plasma D-lactic acid level and WBC counts. Data are
expressed as mean ± standard error of the mean. A p value
of less than 0.05 was considered statistically significant. Sen-
sitivity, specificity, positive predictive value, negative predic-
tive value and diagnostic value were calculated according to
standard methods.
Results
Appendixes were evaluated during laparotomy and patients
were classified as having either perforated or acute simple
appendicitis. According to the operative findings, there were
23 cases of acute simple appendicitis and 21 of perforated
appendicitis.
The Figure shows the plasma D-lactic acid levels in all
groups as a scattergram. Patients with perforated appendicitis
had significantly higher D-lactic acid levels (3.970 ± 0.687 mg/
dL) than control patients (0.478 ± 0.149 mg/dL) and patients
with acute non-perforated appendicitis (1.409 ± 0.324 mg/dL;
p < 0.05). Although patients with acute appendicitis had
higher plasma D-lactic acid levels than control patients, this
difference was not statistically significant.
For a plasma D-lactic acid level greater than 2.5 mg/dL, the
sensitivity and specificity of the D-lactic acid assay were 96%
and 87%, respectively. The positive predictive value was 87%,
the negative predictive value was 96%, and the diagnostic value
was 91%.
WBC counts in controls, in patients with acute appendicitis,
and in patients with perforated appendicitis were 8,300 ±
1,025, 9,400 ± 1,275 and 9,800 ± 2,016 per mm3, respectively.
No correlation was found between plasma D-lactic acid levels
and WBC counts when acute and perforated appendicitis
groups were compared (r = 0.12, p > 0.05).
Discussion
Normal flora of the gastrointestinal tract, Escherichia coli, Lac-
tobacillus species, Klebsiella and Bacteroides species, produce
D-lactic acid. As ischaemia of the vermiform appendix first
causes mucosal injury and then bacterial proliferation, serum
levels of D-lactic acid increase as the products of bacterial
metabolism enter the circulation. Mammals do not have the
enzyme system required to metabolize D-lactic acid, so it
passes through the liver unchanged and enters the peripheral
circulation during the disease process. When intestinal per-
foration occurs, these patients have unchecked bacterial pro-
liferation within the peritoneal cavity with probable absorp-
tion of bacterial products, namely, D-lactic acid, through the
inflamed peritoneum.2
Plasma D-lactic acid levels are less than 1 mg/dL in normal
conditions. Murray et al reported that the increase in D-lactate
during mesenteric ischaemia was significantly greater than in
simple bowel obstructions or strangulating obstructions.2
The reason for this elevation is the absorption of overpro-
duced D-lactate from the overgrowth of bacteria following
ischaemic mucosal injury. There is no positive correlation
between the level of D-lactate and the length of affected
bowel.2 Elevated D-lactic acid levels have been demonstrated
in infants and children with acute mesenteric ischaemia, short
bowel syndrome and necrotizing enterocolitis.2–4 In addition,
Figure. Scattergram of plasma D-lactic acid levels.
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a recent study involving plasma D-lactic acid levels in
appendicitis has shown that venous D-lactic acid level in all
types of appendicitis are significantly higher than in healthy
subjects.7 D-lactate level, WBC counts and C-reactive protein
level were not helpful in identifying the type of appendicitis.
However, in our study, plasma D-lactic acid levels were higher
in patients with perforated appendicitis than in patients with
acute non-perforated appendicitis.
Despite advances in other diagnostic modalities, appendi-
citis remains a diagnosis based primarily on history and phy-
sical examination. In addition, there is no specific laboratory
test that can show perforation sufficiently early in all cases.
Early diagnosis of perforated appendicitis in equivocal cases
such as children with neurological impairment is important
for initiating relevant antibiotics preoperatively. Our study
demonstrated that plasma D-lactic acid level was significantly
higher in patients with perforated appendicitis. The sensitiv-
ity (96%), specificity (87%), positive predictive value (87%),
negative predictive value (96%) and diagnostic value (91%) of
the D-lactic acid assay in the present study suggests that
knowing the plasma D-lactic acid level would enable physi-
cians to anticipate the type of appendicitis. Antibiotic therapy
could be initiated if the plasma D-lactic acid level was greater
than 2.5 mg/dL. With a low D-lactic acid level, the chance of
having perforated appendicitis would be lower.
Some perforated appendicitis causes intra-abdominal ab-
scesses that may not be associated with elevated D-lactic acid
levels in spite of the perforation. Several factors could account
for these conditions. A localized appendiceal abscess would
have neither the same quantity of organisms nor the large
surface area for absorption of D-lactic acid as peritonitis. In
addition, the chronic inflammation should decrease the ab-
sorption of D-lactic acid by the bloodstream because of fibro-
sis of the cavity wall. In such situations, ultrasonography can
help in diagnosis.
Conclusion
This study lends remarkable support to the hypothesis that
patients found to have perforated appendicitis at laparotomy
have significantly elevated D-lactic acid levels in peripheral
blood compared with patients with acute non-perforated
appendicitis. These preliminary data suggest that the mea-
surement of D-lactic acid levels in children may be a useful
adjunct to clinical and radiological findings in distinguishing
simple acute appendicitis from perforated appendicitis.
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